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ABSTRACT 


A statistical simulation of a semiconductor fabrication pro- 
cess is performed in parallel with the actual process. Input 
parameters derived from a probability density function are 
applied to the simulator which, in turn, simulates an actual 
fabrication process which is modeled as a probability den- 
sity function. Each simulation step is repeated with a random 
seed value using a Monte Carlo technique, a trial-and- error 
method using repeated calculations to determine a best 
solution to a problem, The simulator generates an output in 
the form of a probability distribution. The statistical simu- 
lation uses single-step feedback in which a simulation run 
uses input parameters that are supplied or derived from 
actual in-line measured data. Output data generated by the 
simulator, both intermediate output structure data and WET 
data, are matched to actual in-line measured data in circum- 
stances for which measured data is available. The probabil- 
ity density structure of the simulator is adjusted after each 
simulation step so that simulated data more closely matches 
in-line measured data. 

20 Claims, 10 Drawing Sheets 
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SYSTEM FOR MONITORING AND simulation model. Furthermore, for simulation tools that use 

ANALYZING MANUFACTURING either an empirical approach or an analytical approach, the 

PROCESSES USING STATISTICAL model fitting parameters do not have sufficient degrees of 

SIMULATION WITH SINGLE STEP freedom to match the extensive data mat are available from 

FEEDBACK 5 311 actua * manufacturing process. 

Another characteristic of the manufacturing environment 
FIELD OF THE INVENTION is that monitoring of manufacturing processes and improve- 
ment of these processes is a fine-tuning process. Each tuning 
The present invention relates to manufacturing processes step includes a measurement of small differences in process 
such as integrated circuit fabrication processes. More variables with these differences being attributable at least in 
specifically, the present invention relates to a feedback part to statistical fluctuations and also to complicated inter- 
system for analyzing and monitoring a manufacturing pro- actions between multiple reactions of the process as various 
cess. process parameters are modified. Process results are typi- 

_ _ , rm caliy difficult to measure with accuracy. A large number of 

BACKGROUND OF THE INVENTION ^ yariablc factors influence process results. Modifica- 

Process simulation is the usage of processing tion of a single factor in isolation from other factors is 
experiments, typically using a computer, as directed by difficult. This difficulty arises not only from a limited 
mathematical models created to describe a process phenom- understanding of a factor' s influence on the process but also 
ena. Many simulation and analysis tools (for example, because the various factors cause complex inter-related 
Pisces, Medici, Suprem3, Suprem4 and PdFab) have been ^ cross effects and interactions. Thus, a simulation and analy- 
developed to assist process integration and device develop- sis tool that a production engineer confidently uses needs to 
ment These tools have not been as widely employed for supply a much higher order of measured precision of the 
integrated circuit manufacturing. Generally, these tools are data. Mere indications of data trends are insufficient. What 
oevdoped primarily for research and development purposes is sought in the development of rrianufacturing tools and 
and do not adequately address various difficulties that arise 25 techniques is not a drastic change in a fabricated structure, 
in the manufacturing environment but rather a small adjustment in characteristics. For example. 
Several characteristics are generally applicable to the what typically produces an improvement in an integrated 
manufacturing environment and distinguish the manufactur- circuit structure, such as an LDD structure in a transistor, is 
ing environment from a process integration and device a change in dopant dosage ofabout ten percent or a change 
development environment One characteristic of the manu- 30 i* appUed temperature of 100° C The combination Q f the 
factoring environment is that measurable aspects of pro- small size of the adjustments which are achieved by process 
cesses are have a fundamentally statistical nature, rather than modifications and the difficulty in measuring results of the 
a deterministic nature. Process variations and measurement modifications accurately manifest a disadvantageous char- 
errors are inherent to manufacturing processes so that sub- acteristic of the rnauufactunng environment akin to a poor 
stantially all data measured in a inanufacturing environment 35 signal-to-noise ratio in signal processing, 
is statistical. Exact measurement values arc generally not Manufacturing simulation tools are calibrated prior to 
available for each device at each stage of a manufacturing performing a simulation test Calibration is typically accom- 
process so that a single data point is insufficient to justify a plished by entering calibrated input parameters that are 
decision relating to the process. For example, if it is known generated either experimentally or by previous simulation, 
that application of input parameters A and B to a fabrication 40 In conventional inanufacturing process caUbration, a speci- 
process to yield an output variable C, what is truly known is fied value of a parameter is fitted to produce a specified 
that input parameters A and B each have a statistical profile process output value. Realistic simulation results are rarely 
that, when combined in the fabrication process, yield a achieved using conventional simulation and calibration 
statistical profile C shown in FIG. 1. Hie most useful techniques since these techniques do not capture the true 
information available in a manufacturing environment is the 45 nature and complexity of the manufacturing process, 
form of the statistical profile which results from the process. Furthermore, conventional calibration processes require an 
Unfortunately, nearly all information that is utilized in the intense study of device engineers before a simulation tool 
manufacturing environment and all input parameters to a becomes useful. Thus, the calibration processes cause sig- 
fabrication tool are expressed in the form of single-valued nificant delay in process qualification and improvement 
parameters, rather than in statistical profiles. 50 This problem is worsened by the fact that caUbration pro- 
While conventional simulation and analysis tools do not cedures are repeated continuously as the environment in the 
suitably address the statistical nature of manufacturing manufacturing area changes over time, 
processes, these tools are also deficient in failing to take These characteristics of the manufacturing environment 
advantage of the extensive process variables, in-line mea- are applicable to an analysis of manufacturing monitoring as 
surements and Wafer Electrical Testing (WET) data mea- 55 well as process improvements. For example, it is often 
surements that are available. WET testing includes testing desirable to know how processes change over tune to track 
for various device electrical parameters including threshold changes in fabrication results of a small amount, such as 3 
voltage and drive current that are measured at a wafer level, percent, over time, for example 3 weeks to yield an ultimate 
before bonding. Conventional simulation and analysis tools result Furmcrmore, these small differences are typically 
designed for research and development generally presume 60 measured in an environment of statistical fluctuation and 
that a fabrication process is not yet operational for actual measurement error. 

nianufacturing. Therefore, these conventional simulation Although many characteristics of the manufacturing envi- 

and analysis tools are not sufficiently flexible for a manu- ronment are disadvantageous, several arc advantageous, 

facturing engineer to make optimizations of the process. One advantage is that specification of the structure resulting 

Specifically, these conventional tools do not allow the manu- 65 from the manufacturing process is well defined. Another 

facturing engineer to utilize the extensive statistical data that advantage is that actual in-line measurement data acquired at 

is available in a manufacturing process to optimize the various stages of the manufacturing process and actual WKT 
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data are plentiful and easily available. These data include manual calibration by furnishing a calibration framework in 
statistical profile data that are highly informative regarding which specific parameters are modified independently and 
the manufacturing process. " * the results of these modifications are easily tracked. Thus, a 

What is sought is a technique for tracking and analyzing ^^^^^^^1^^ 

manufacturing processes such that inaccuracies arising from 5 lnoepenoenuy iraci^ mocuiicaiiuu ^ 

statistical fluctuations, compUcated interactions, and mea- using single-step feedback. 

surement errors arc avoided or compensated so that process Another advantage of the disclosed method is that toe 

modifications that produce even small differences can be defect rate of fabricated devices is very low due to the 

measured, monitored and analyzed. reduction in handling. A further advantage of the method 

10 that results from the reduced handling is a substantially 

SUMMARY OF THE INVENTION reduced manuf acturing cost 

In accordance with the present invention, a statistical BRIEF DESCRIPTION OF THE DRAWINGS 

simulation of a semiconductor fabrication process is per- 
formed in parallel with the actual process. Input parameters ^ The features of the invention believed to be novel are 
extracted from actual fabrication data and expressed in the specifically set forth in the appended claims. However, the 
form of a probability density function are applied to the invention itself, both as to its structure and method of 
simulator which, in turn, simulates an actual fabrication operation, may best be understood by referring to the 
process which is modeled as a probability density function. following description and accompanying drawings. 
Each simulation step is repeated with a random seed value ^ i labeled Prior Art, is a sequence of graphs which 

using a Monte Carlo technique, a trial-and-crror method iu us trate a black-box analysis of a manufacturing process, 
using repeated calculations to determine a best solution to a showing statistical profiles of two process input parameters 
problem. The simulator generates an output in the form of a WD ich, ^ combination, yield a statistical profile of an output 
probability distribution. variable. 

The statistical simulation uses single-step feedback in ^ pj G 2 is a block diagram showing components of a 
which a simulation run uses input parameters that are simulation system in accordance with an embodiment of the 
supplied or derived from actual in-line measured data. prcscnt invention. 

Output data generated by tte simulator, both , mtomediate diagrams illustrating a two- 

output structure data and WET data, nin r*~ess of the simulation syste^hown in FIG. 2. 

in-line measured data in circumstances for which measured i* ■> _^^ c - a 

Itois available. The probability density structure of the 30 FIG. 4 is a flow chart of ^J^^l^L^u 
simulator is adjusted after each simulation step so that statistical smiulation method in accordance with an embodi- 
simulated data more closely match in-line measured data. ment of the present invention. 

The essence of the single-step feedback is that one dedicated FIG. 5 is a flow chart of a measured data highpass filtering 
series of Monte Carlo simulations exists for the calibration 35 operation of the calibration process shown in FIG. 4. 
of each individual process step, using calibration results FIGS. 6(A), 6(B) and 6(C) are a sequence of graphs which 

from all of the previous steps. For example, if a process illustrate intermediate results of a measured data highpass 
includes fifty process steps and one hundred Monte Carlo filtering operation depicted in FIG. 5. 
simulation steps are needed to build the calibration model pj GS ? ^ 7 ^ 7 ^ c ^ ^ jq^ m a sequence of graphs 

then the simulation process will include 5000 simulation ^ which iu us trate mtermediate results of a specified data 
steps in the calibration process, each starting from the first highpass filtering operation. 

step to the calibrating step. pj G g fa a flow ^ which iu ustra tes steps of a niatehing 

The statistical simulation includes two types of simulation opcration for matching actual data to simulated data. The 
runs including calibration runs and prediction runs. Both operation is a step of the calibration process 

types of simulation runs are statistical simulations which 45 describcd respect to FIG. 4. 

employ a probability density function as a basic elementary fig. 9 is a flow chart which illustrates steps of a predic- 
unit . . , , tion process of a statistical simulation method in accordance 

The calibration run calibrates simulated output data to &n cmbodiment & mc present invention, 

match actual in-line measured data. A ^^^^ ^ ^ 10 is a flow chart showing elements of an overall 
specifies the actual in-line measured data ^^^^ *> f| ™^ *J * a ^fabrication system in accordance with an 
the caHbration run. For example, in a typical fabrication S ™^L° t * . tinn 

process, particular process parameters including fabrication embodiment of the present invention, 
tool-specific parameters, temrx^tures, pressures, deposition DETAILED DESCRIPTION 

material concentrations, and the like, are specified indepen- 
dently. Results of calibration runs are compared and param- 55 FIG. 2 is a block diagram showing components of a 
eters are updated as a result of these comparisons so mat the simulation system 200, including various fabrication equip- 
process is specialized for selected fabrication characteristics. ment 210, various test equipment 212 for measuring process 

The described process has many advantages. One advan- parameters and a simulation computer system 214. In an 
tage I feat the Ascribed apparatus and method combine actual fabrication process typically ap urahty of fabncation 
statistical analysis of extensive avaflable measurements with 60 equipment 210 is employed to carry out ^ c £ nt f^ of !^ 
feedback to an in-line manufacturing process line. In fabrication process. At several stages of the fabrication 
addition, the automatic calibration feature of the statistical process, process parameters arc acquired using the test 
simulation method advantageously complements manual equipment 212. Acquired process parameter data arc con- 
calibration of a fabrication process. A simulation operator veyed to the simulation computer system oyer a traasmis- 
maintains the capability to manually calibrate fabrication 65 sion path 216. The transmission path 216 is any suitable 
parameters by^nply changing parameter values in the communication system such as transmission wires or net- 
Sator. The automatic Sibration feature facilitates work lines. Other data transmission methods may include 
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manual techniques such as conveyance by magnetic disk. process 450. The actual in-line process 420 includes with a 

Examples of fabrication equipment 210 include CVD wafer start step 422 for initializing process parameters takes 

reactors, vacuum pumps, ion implantation equipment, depo- place, a single process step 424 for performing a single 

sition equipment, photolithography equipment, optical selected fabrication process step, a measurement step 426 

aligners, photomasks, wafer cleaning equipment, wet etch- 5 for measuring a result of the selected fabrication process, a 

ing equipment and the like. Examples of test equipment 212 process end step 428 for terminating the selected fabrication 

include residual gas analyzers, spectral analyzers, electrical process and the measure WET data step 430 for measuring 

probes, optical dosimetry measurement equipment, optical WET data parameters. Adjustment of different process steps, 

microscopes, laser reflectometry equipment, spectroscopes which are suitable fox simulation analysis, of a plurality of 

and similar data acquisition tools that are known in the art 1Q suitable process steps is performed independently in this 

of manufacturing. The simulation computer system 214 is manner. A process step which is suitable for simulation is a 

any suitable computer system which includes common com- process step that: (1) produces a fabrication result that is 

putational functionality and common communication opera- important to the functionality or structure of an integrated 

tions for receiving process data. In one exemplary circuit (2) produces a measurable result, (3) is capable of 

embodiment, a SUN SPARC 20™ application server with a 15 simulation, and (4) responds to changes in simulation 

network of x86 PC interface clients are employed as the parameters with differences in function or structure, 

computer system 214. A customized PdFab™ simulation Examples of suitable process steps include pad oxidation 

tool and conventional software, including Microsoft before channel implant, gate oxidation, gate etch and spacer 

Excel™ and Microsoft Access™ are used to process data. oxide steps. Typically, two types of output data are measured 

The simulation system 200 is a simidation and analysis ^ that result from a fabrication process step, including vertical 

tool for a manufacturing environment that incorporates dimension data and horizontal dimension data. Examples of 

several objectrve properties. First, the simulation system 200 vertical dimension data include oxide growth, gate oxide 

provides for simulation and analysis in which data is input, thickness, polysilicon thickness data and the like. Horizontal 

processed and output with an arbitrary statistical distribution dimension data include polysilicon gate length and LDD 

profile since actual fabrication data statistics may not be ^ spacer width, for example. 

distributed in a Gaussian profile. Second, the simulation Doping profile data results from processes which are 

system 200 furnishes a capability to utilize any measured assumed to be stable so that a doping profile is typically 

data, if available, to improve the accuracy of simulation known, allowing simulation on the basis of theoretical 

results. The simulation system 200 also allows data supple- estimations of parameter values, rather than measured data, 

mentation to achieve a best possible simulation even if some ^ in one example of a suitable selected fabrication process, the 

statistical data is not measurable or is otherwise unavailable. single process step 424 performs a gate oxidation process 

Third, the simulation system 200 is flexible and allows and the in-line measurement step 426 measures a data profile 

models underlying the simulation to be upgraded and of oxide thickness. 

improved. Fourth, the simulation system 200 performs sub- Corresponding steps of the simulation process 450 are 

stantially all operations promptly and automatically without 35 performed in parallel with steps of the actual in-line process 

conflicts with existing data collection and analyzing systems 420. a simulation start step 452 begins the simulation 

in the fabrication. process 450 in response to initializing data from the actual 

Referring to FIGS. 3A and 3B, two-run process of the in-line process 420. The wafer start step 422 generates initial 
simulation system 200 includes two different run modes of data, such as orientation data, that is measured and trans- 
operation, specifically a calibration run 310 depicted in FIG. 40 f erred to the sinmlation process 450, typically through a 
3A, and a prediction run 320. In the calibration run 310 manufacturing control system, such as Workstream™, the 
depicted in FIG. 3A, available data are processed to generate remote access channel of the manufacturing control system, 
fitting functions for matching simulated and measured data. such as Remote Workstream™, and a network connection to 
The calibration run 310 includes a single simulation step 312 the application server, such as TCP/IP. A simulation start 
and actual measurements 314. Results of the simulation step 45 step 452 initializes parameters of the simulation process 450 
312 and the actual measurements 314 are processed accord- to arbitrary, used-defined values. Following the simulation 
ing to a fitting function 316. The calibration run 310 includes start step 452, a simulation step 454 simulates the actual 
a series of single simulation steps 312, each with corre- process step performed in single process step 424, first using 
sponding actual measurements (both process parameters and arbitrary, user-defined parameters and later adapting the 
in-line/WET data) 314. Results of a plurality of the simu- 50 parameter values on the basis of actual in-line measure- 
lation steps 312 and the actual measurements 314 are ments. Various miscellaneous input parameters such as 
processed to produce a fitting function 316. Each simulation processing time are designated by the test operator. These 
step 312 processes data accumulated using all fitting tunc- i npu t parameters are applied to the single process step 424 
tions previously calculated during the calibration run 310. and the simulation step 454. Input data may be applied in 

In the prediction run 320 depicted in FIG. 3B, measured 55 several formats. However, the input data is converted into a 

data and the fitting functions calculated in the calibration run statistical distribution function before actual processing 

310 are used to predict unknown data. During the prediction begins. For an array of input data points, data is sorted and 

run 320, if any process parameter is missing from the the probability of a data value being between any two 

existing database, the statistical distribution function used in consecutive data points is assumed to be the same. For data 

the corresponding catibration run 310 replaces the missing 60 presented in statistical form, such as data with a mean, 
parameter. If any WET data or in-line parameter is contained standard deviation and range limits, the data is modeled in 

in the existing dalaset, these WET data or in-line parameters a statistical distribution function as a truncated Gaussian 

replace computed values without changing fitting functions. profile for usage as a statistical distribution function. For 

Referring to FIG. 4, a flow chart of a calibration process data presented in a statistical form, such as a mean and range 
400 of the statistical simulation method is shown. The 65 limits, the data is modeled in a statistical mstobution func- 
calibration process 400 includes two parallel processes tion as a truncated Gaussian profile with each sr^cified Urnit 
including an actual in-line process 420 and a simulation being presumed to deviate from the mean value by three 
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standard deviations. If the mean is not centered between the 
range limits, the function is modeled as an asymmetric 
profile and is considered the combination of two half- 
Gaussian profiles that have the same population and differ- 
ent standard deviations. For data presented in a statistical 
form, such as a mean and standard deviation, the data is 
modeled in a statistical distribution function as a Gaussian 
profile. Data presented as a single data point is used only for 
parameters that are insignificant when no additional infor- 
mation is unavailable. Each actual or simulation result, 
including intermediate results, is applied to the simulation 
and process as a statistical distribution function, rather than 
a single data point Thus, a statistical distribution function is 
the elementary data type in the simulation system 200. 

Simulation step 454 operates on the basis of statistical 
simulation in which a simulation step is repeated many 
times. Each single simulation run computes one value from 
each input statistical distribution function, processes the 
input values in accordance with a corresponding physical or 
device model, and obtains a value for each output statistical 
distribution function. A higher number of simulation repeti- 
tions results in improved accuracy in the output distribution. 

One example of an input processing parameter is a 
processing time parameter. In addition, various actual in-line 
measurements are acquired during the single process step. 
Results of these in-line measurements are communicated to 
the simulation step 454 by a highpass filter step 456. The 
highpass filter step 456 filters input parameters and in-line 
measured data from the single process step 424 and per- 
forms digitized processing to generate an output of a discrete 
probability density function. Simulation results from the 
simulation step 454 are applied to a generate simulated 
profile step 458 and to a random seed step 460. The random 
seed step 460 updates a seed value for Monte Carlo tech- 
nique simulation and applies the updated seed value to the 
simulation step 454. The generate simulated profile step 458 
constructs a simulated profile which is used for matching 
analysis of actual and simulated results. The simulation 
takes place in a plurality of Monte Carlo steps, each step 
including one pass through the simulation and random seed 
steps 454 and 460. 

Multiple-pass feedback steps that are performed in the 
simulation and random seed steps 454 and 460 are illustra- 
tive of a single-step feedback concept for performing cali- 
bration of the simulation system 200. Each single simulation 
step is evaluated independently of other simulation steps. In 
one simulation step, data are measured and applied to a 
simulation step and results of the simulation are fed back to 
the process. Simulation results are used only to compute the 
fitting function for data measured within the simulation step. 
Using the single- step feedback concept, measured data is 
flexibly used to improve simulation accuracy while the 
interaction between different simulation steps and propaga- 
tion error are reduced. 

The single-step feedback concept is substantially different 
from conventional simulations in which an entire simulation 
is completed in each simulation run with intermediate output 
values of all simulation steps being assembled and the 
output fitting function being calculated all at one time. 

Subsequent to the single process step 424, the in-line 
measurement step 426 measures the data profile of oxide 
thickness and communicates the data profile result to an 
actual data to simulated data comparison step 462. The 
actual data to simulated data comparison step 462 receives 
simulated data from the generate simulated profile step 458 
and actual in-line data from the in-line measurement step 


426, and compares these data profiles digital sample by 
digital sample, for example by calculating the point-by-point 
difference of the profiles. The difference profile is stored in 
store difference profile step 464. A determine matching 
process to convert step 466 determines whether to convert 
simulated profile data using previous simulated data or 
actual data on the basis of the difference profile determined 
by the data comparison step 462. A conversion operation is 
performed on the simulated profile in matching process 
conversion step 468 which iteratively converts the simulated 
profile received from the generate simulated profile step 458 
on the basis of the difference profile received from the data 
comparison step 462. The matching process conversion step 
468 combines the difference profile and the simulated profile 
and produces a conversion function. The conversion func- 
tion is then used to match any arbitrary simulated point to a 
converted simulated point for latter simulation. One way to 
obtain the conversion function uses Newton's interpolation. 
Thus, for a data range defined by actual measured data, 
Newton's interpolation is used to define a continuous func- 
tion based on percentile matching. For a data range not 
defined by actual measured data, a third order polynomial is 
used to define the continuous function. This matching 
method furnishes a suitable balance between flexibility and 
accuracy. 

After each single process step and each simulation step is 
complete and the simulated profile is generated, additional 
process steps may be performed and additional simulation 
process steps including various simulation, highpass filter, 
generate simulated profile, random seed, actual data to 
simulated data comparison, store difference profile and 
determine matching process to convert and matching pro- 
cess conversion steps may be performed for the application 
of additional fabrication processes. For each single process 
step of actual in-line fabrication and each corresponding 
simulation, a full actual in-line process and a full simulation 
are performed, using random input parameter data, so that 
independent processing stages are performed with actual 
fabrication steps proceeding in parallel with simulated steps. 

Following all actual process steps, actual processing 
terminates with an actual process end step 428 and the 
measure WET data step 430 measures the final output data 
of the fabrication process and generates a WET data profile. 
The WET data is processed in a highpass filter step 432 to 
generate filtered WET data. 

Following all simulated process steps, simulation termi- 
nates with a simulated process end step 470 and a full device 
simulation step 471 is performed by device simulation step 
471 step 472. The device simulation step 472 incorporates 
profile information derived in previous simulation steps and 
utilizes Monte Carlo analysis using random seed simula- 
tions. A generate device simulation profile step 473 gener- 
ates a device profile that corresponds to the actual calculated 
WET data. A device profile matching step 474 compares the 
WET data to the device data generated by the device 
simulation step 471 digital sample by digital sample, for 
example by calculating the point-by-point difference of the 
profiles. This device difference profile is stored in store 
device difference profile step 476. A determine matching 
60 process to convert WFT data step 478 determines whether to 
convert simulated profile data using previous simulated 
WET data or actual WET data on the basis of the difference 
profile determined by the device profile matching step 474. 
A conversion operation is performed on the simulated WET 
data in WET statistical profile conversion step 480 to 
generate the final output profile of the calibration process 


15 


20 


25 


30 


35 


40 


45 


50 


55 


65 


5,719,796 

9 10 

Output data that is generated by the calibration process Derive probability density function step 518 function step 

400 includes all of the matching profiles and all simulated 516 calculates a probability density fonction of the actual 

fil in-line parameter values. An example of the probability 

T ♦ *kwj,« ™^~c jiiA the density function is shown in FIG. 6(C). Generate probability 

In some embodiments of the calibration process 4<W ^ the ^ ' 520 assembles a table of n probability 
actual in-line process 420 and the simulation process 450 are values m ascending order of steps 5y. 
completely automatic, being performed in parallel, simulta- Referring to FIGS. 7(A), 7(B), 7(C) and 7(D). a highpass 
neously and in real time. In other embodiments, the actual mte±iR operation for highpass filtering specified data is 
in-line process 420 and the simulation process 450 are Ascribed Graphically. For specified data, a probability den- 
performed in parallel but not in real time so that thevanous sity function is derived theoretically rather than experimen- 
actual process steps and simulation steps are performed 1U tally so that no data is processed. Specified data is specified 
generally independently but with data acquired from mea- . various statistical parameters. In one example, specified 
surements on the actual in-line process 420, filtered off-line ^ is spcdfied by a mcan parameter value u, a standard 
in steps such as the highpass filter step 456, and communi- deviation value p, a maximum parameter value and a 
cated to the simulation process 450, off-line. nunimum parameter value so that a probability density 

In some embodiments of the calibration process 400, function is fitted to a Gaussian distribution as is shown in 

in-line data extraction from the actual in-line process 420 is pjQ 7^ another example, specified data is specified by 

automated and the highpass filtering in steps such as the a meaD parameter value u and a standard deviation value p 

highpass filter step 456 is operated for pre-selected samples ^ OJM so ^ a probability density function is fitted to a 

of actual in-line data automatically and periodically. ^ Gaussian distribution as is shown in FIG. 7(B). In a further 

Referring to FIGS. 6(A), 6(B) and 6(C) in conjunction example, specified data is specified by a mean parameter 

with a flow chart shown in FIG. 5, a highpass filtering value u, a maximum parameter value and a minimum 

operation for highpass filtering measured data is described parameter value so that a probability density function is 

graphically. The highpass filtering operation is performed in fitted to an asymmetric Gaussian distribution as is shown in 

the highpass filter steps 432 and 456 shown in FIG. 4, for ^ FIG. 7(C). In another example, specified data is specified by 

example. FIG. 5 is a flow chart depicting steps of a highpass a mean parameter value u alone so that a probability density 

filter operation 500 for filtering measured data. Data is function is estimated to a Gaussian distribution as is shown 

measured in measurement step 510 and measured data is in FIG. 7(D). Generally, a more suitable probability density 

counted in each of a plurality of quantized error ranges ox function is calculated when more parameters arc supplied as 

in fill histogram step 512. Data is in the form of process ^ opposed to fewer parameters. 

parameters, in-line measurements and WET data. Generally, ^ Referring to FIG. 8, a matching operation 800 for usage 

process parameters include any suitable and meaningful in the actual data to simulated data comparison step 462 and 

process parameters mat may be measured, observed or the device profile matching step 474, bom shown in FIG, 4, 

specified during a fabrication process. Suitable process 1S illustrated by a flow chart First, actual data is highpass 

parameters include furnace temperatures and deposition 35 filtered in the manner described with respect to FIG. 5. 

times, for example. In-line measurements include any mea- Specifically, the matching operation 800 includes the fill 

surements of process results such as oxide thickness for a histogram step 512, the error quantization step 514. the data 

gate oxidation process step, polysilicon thickness for depo- normalize step 516, the derive probability density function 

sition steps, and me like. WET data includes electrical step 518 and me generate probability density table step 520. 

parameter measurements such as threshold voltage (Vth), ^ a match profile step 820, the probability density table for 

saturation threshold voltage (Vsat), maximum transconduc- simulated data generated in a step which generates simulated 

tance (Gm) and saturation current (Ids at). Process steps of data such as generate simulated profile step 458 and the 

pad oxidation before channel implant, gate oxidation, gate generate device simulation profile step 473, both shown in 

etch and spacer oxide steps are considered most influential FIG. 4 is fitted to the probability density table for the actual 

for controlling these WKT data parameters. A process 45 data generated by the generate probability density table step 

parameter designates a specified parametric value which 520, profile fitting is performed by forcing the step sizes of 

serves as an input parameter to a process. The in-line the simulated profile 5y' so that the percentage of the total 

measurements and WET data are measured as results or number of data points falling within each variable step size 

applied as input parameters to the process. range of the simulated profile matches the percentage of data 

FIG 6(A) shows a histogram of actual in-line data mea- 50 points in each fixed step size range of the actual data profile, 

surement values shown on the horizontal axis in a quantized In this manner, a difference profile is generated which 

error range ox and the number of data points falling within includes a 4 times n array of step samples. For each of the 

each ox range of measurement values on the vertical axis. n step size samples, four elements are stored including an 

The highpass filtering operation described with respect to amplitude number indicative of the percentage of total data 

FIGS 6(A), 6(B) and 6(C) operates on measured and 55 points for each step dement, the ascending fixed-size oy 

observed data. steps for the actual data, the ascending variable-size 5y steps 

Referring again to FIG. 5, error quantization step 512 for the fitted simulated data and elements indicative of the 

modifies quantization of the error term 8x into a step size 8y difference step sizes oy-Sy . 

in a predetermined manner so that each 6y is the largest In a determine best fit step 822, a best fit function for the 

value which is less than 5x and equal to the difference 60 amplitude number is derived using a selected fitting 

between the maximum and mimmum value x divided by an function, as is known in the art such as a polynomial fit 

arbitrary integer n. FIG. 6(B) shows a histogram of actual function, a spline function or the like. In one example of a 

in-line parameter values shown on the horizontal axis in best fit function, a constant function is applied and residue 

terms ofthc n groupings of quantized step size 6y. These (difference) calculated, then a lmear polynomial fit is apphed 

values are normaHzeXin data normalize step 516 so that 65 and residue calculated. If the difference is residue is less than 

each histogram value indicates a percentage of the total a designated amount a constant function rurmshes a best fit 

number of data points falling within each step size range. If neither the constant nor the linear polynomial functions 
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supply a best fit a second order polynomial function is 
applied. Similarly, higher order polynomial functions are 
applied until a best fit is found. Generally, the best simulator 
is a simulator in which the best fit is a constant function or, 
if a constant function does not yield a best fit, a lower order 
polynomial function. 

One advantage that is achieved by the matching operation 
800 is a high simulation accuracy based on the 
automatically-obtained precise fitting function between a 
calibration output statistical distribution and actual data. 
This operation statistically fits two data populations for 
which the entire percentile distribution is known so that the 
fitting function for a range of parameters and data measure- 
ments is simply calculated by a direct percentile correlation. 
This means, for example, that 10%, 35%, and 75% of the 
output statistical distribution function is mapped to 10%, 
35%. and 75% of the actual data. Data values between two 
data points is accurately measured by interpolation. 

A further advantage of the matching operation 800 is that 
the process is flexible and applicable for substantially any 
profile for any number of data samples. Another advantage 
is that the fitting function applies to out-of-range data points. 
A further advantage is that low pass and high pass filters may 
be applied to the resulting data to compensate for measure- 
ment inaccuracy. 

The matching operation 800 also handles out-of-range 
data and predicts possible outcomes that result from appli- 
cation of experimental process parameters that have values 
outside conventional limits. Therefore, the matching opera- 
tion 800 extends beyond the region defined by calibration 
data. From numerical analysis theory, the higher the extrapo- 
lation function order, the larger the possible error. To com- 
promise the accuracy and flexibility of the fitting function, 
a third-order polynomial is used for the fitting function in a 
region not defined by calibration data. 

Following the calibration process, a prediction process is 
performed. The operator specifies input parameters for the 
prediction process including any operator-selected input 
parameters or profiles. Any input parameters that are not 
specified default to parameters or profiles that are derived in 
the calibration process. Referring to FIG. 9, a prediction 
process 900 begins with a simulation start step 910 in which 
operator-specified input parameters and profiles are entered 
and default input parameters and profiles are installed. In 
user-defined simulation step 912, a simulation is performed 
and profile derived using user-specified data and data from 
a processed table. Following the simulation step 912, a 
simulated profile is generated in simulated profile step 914. 
A matching conversion step 916 combines the difference 
profile and the simulated profile and produces a conversion 
function. A converted structure is derived in step 918. 
Various process parameters are simulated in this manner 
until a process end step 920 terminates the prediction 
simulation. A device simulation is then performed in device 
simulation step 922. A profile generated from the device 
simulation is then matched in matching to convert step 924, 
thus generating simulated WET data. 

The WET d ata derived from device simulation is deter- 
mined in precisely the same manner as the in-line data after 
process simulation, using the same matching and conversion 
techniques. 

One advantage of the simulated process method is that 
simulated and actual data arc all treated uniformly and in a 
statistical, rather than deterniinistic, manner. Another advan- 
tage is that all actual in-line data and WET data are available 
for usage in improving the accuracy of the simulation. 
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Furthermore, for an improved-stability fabrication process, 
data fitting is substantially automatic. In addition, physical 
calibration of the process is not necessary so that automatic 
calibration is possible by simulation is achieved before a 
fabrication tool is used in manufacturing. An additional 
advantage is that simulated data achieve improved param- 
eter accuracy. 

Referring to FIG. 10, an overall structure of a fabrication 
system 1000 is shown in block diagram form. In this system 
1000, a fabrication process 1010, as circuits are fabricated, 
generates actual in-line data that is assembled in in-line data 
block 1012 and information for derivation of WET data 
measurement step 1016. This WET data is assembled in 
WET data block 1018. The in-line data and WET data are 
entered into a database 1020. Data in the database 1020 are 
processed in automatic data extraction step 1022 at sched- 
uled intervals such as weeks. These data are assembled in 
data process block 1024 and applied to a calibration process 
1026. Matching procedures are implemented in matching 
function block 1028 to derive profiles and data which are 
entered into the database 1020. The profiles and data are 
applied to a prediction process 1030. Selected information in 
the database 1020 are also manually extracted in manual 
extraction block 1032 and this data along with operator- 
supplied data 1034 are applied to a manual data processing 
block 1036. Data derived in the data processing block 1036 
are also applied to the prediction process 1030. A calibration 
process 1038 is also performed using the data from manual 
data processing block 1036. Information from the calibra- 
tion process 1038 is used in a manual matching function 
block 1040 to derive profiles and data resulting from the 
manual extraction of selected data, which are also entered 
for performance of the prediction process 1030. The predic- 
tion process 1030 generates prediction information for vari- 
ous applications in block 1042. 

One practical use of a calibration run is to simulate a 
fabrication process, holding all parameters constant, but 
taking actual in-line data measurements over time. For 
example, in some embodiments of the method, data may be 
measured weekly over multiple weeks to detect shifting in 
process properties over time. Other applications for statis- 
tical simulation include monitoring of manufacturing 
processes, process development and improvement and com- 
parison of data for different manufacturing processes. 

The description of certain embodiments of this invention 
is intended to be illustrative and not limiting. Numerous 
other embodiments will be apparent to those skilled in the 
art, all of which are included within the broad scope of this 
invention. 

What is claimed is: 
1. A manufacturing monitoring system comprising: 
a fabrication equipment for r>erforming a fabrication 

process step applied to a workpiece; 
a test equipment for acquiring a sample of a process test 

parameter sensed from the workpiece; 
a computer coupled to the test equipment to receive the 

process test parameter sample; 
a software program operable upon the computer system, 
the software program having a plurality of routines 
including: 

a routine for receiving the process test parameter 


65 


a routine for simulating a simulated fabrication process 
step which corresponds to the fabrication process 
step to generate a plurality of simulated fabrication 
process results, routine for simulating being a statis- 
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tical simulation of a semiconductor fabrication pro- 
cess further including: 

a simulation loop routine using single-step feedback 
in which a simulation step of a plurality of simu- 
lation steps uses input parameters that are supplied 5 
from actual in-line measured data and generates 
output data; 

a subroutine for matching output data generated by 
the simulation step against actual in-line measured 
data; and io 

a subroutine for adjusting a probability density struc- 
ture of the simulator after each simulator step so 
that (he simulated data more closely matches the 
actual in-line measured data; and 
a routine for generating a simulated profile indicative of 15 

the simulated fabrication process results. 

2. A system according to claim 1, wherein the software 
program further includes: 

a Monte Carlo simulation routine for iteratively updating 
simulation results using a random seed value. 20 

3. A system according to claim 1, wherein the software 
program further includes: 

a routine for formatting a plurality of process test param- 
eter samples into a process data profile; and 

a routine for matching the process data profile to the 25 
simulated profile. 

4. A system according to claim 1, wherein the software 
program simulating routine is a statistical simulation of a 
semiconductor fabrication process further comprising: 

a subroutine for deriving an input parameter to the simu- 
lation from an actual fabrication process parameter, the 
input parameter being derived from a probability den- 
sity function; and 

a subroutine for simulating an actual fabrication process, 35 
the actual fabrication process being modeled as a 
probability density function. 

5. A system according to claim 4, wherein the software 
program simulating routine is performed in parallel with the 
fabrication process step. ^ 

6. A system according to claim 4, wherein the software 
program simulating routine is a statistical simulation of a 
semiconductor fabrication process further comprising: 

a subroutine for repeating a plurality of simulation steps, 
the repeated steps applying a varying random seed 45 
value that is varied using a Monte Carlo technique. 

7. A software program encoded on a computer-usable 
medium having computable readable code embodied therein 
controlling a manufacturing monitoring system, the manu- 
facturing monitoring system including a fabrication equip- ^ 
ment for performing a fabrication process step applied to a 
workpiece, a test equipment for acquiring a sample of a 
process test parameter sensed from the workpiece, a com- 
puter coupled to the test equipment to receive the process 
test parameter sample and having a memory, and the soft- 55 
ware program loadable into the memory and executable on 
the computer, the software program having a plurality of 
routines including: 

a routine for receiving the process test parameter sample; 

a routine for simulating a simulated fabrication process so 
step which corresponds to the fabrication process step 
to generate a plurality of simulated fabrication process 
results; 

a routine for generating a simulated profile indicative of 
the simulated fabrication process results; and 65 

a routine for controlling the manufacturing monitoring 
system in response to the generated simulated profile. 


14 

8. A software program according to claim 7 further 
comprising: 

a Monte Carlo siinulation routine for iteratively updating 
simulation results using a random seed value. 

9. A software program according to claim 7 further 
comprising: 

a routine for formatting a plurality of process test param- 
eter samples into a process data profile; and 

a routine for matching the process data profile to the 
simulated profile. 

10. A software program according to claim 7 wherein the 
software program simulating routine is a statistical simula- 
tion of a serxdconductor fabrication process further compris- 
ing: 

a subroutine for deriving an input parameter to the simu- 
lation from an actual fabrication process parameter, the 
input parameter being derived from a probability den- 
sity function; and 

a subroutine for simulating an actual fabrication process, 
the actual fabrication process being modeled as a 
probability density function. 

11. A software program according to claim 10. wherein 
the software program simulating routine is performed in 
parallel with the fabrication process step. 

12. A software program according to claim 10, wherein 
the software program simulating routine is a statistical 
simulation of a semiconductor fabrication process further 
comprising: 

a subroutine for repeating a plurality of simulation steps, 
the repeated steps applying a varying random seed 
value that is varied using a Monte Carlo technique. 

13. A software program according to claim 10, wherein 
the software program simulating routine is a statistical 
simulation of a semiconductor fabrication process further 
comprising: 

a simulation loop routine using single-step feedback in 
which a simulation step of a plurality of simulation 
steps uses input parameters that are supplied from 
actual in-line measured data and generates output data; 

a subroutine for matching output data generated by the 
simulation step against actual in-line measured data; 
and 

a subroutine for adjusting a probability density structure 
of the simulator after each simulator step so that the 
simulated data more closely matches the actual in-line 
measured data. 

14. An executable program code encoded on a computer- 
usable medium having computable readable code embodied 
therein controlling a manufacturing monitoring system, the 
manufacturing monitoring system including a fabrication 
equipment for performing a fabrication process step applied 
to a workpiece, a test equipment for acquiring a sample of 
a process test parameter sensed from the workpiece, a 
computer coupled to the test equipment to receive the 
process test parameter sample and having a memory, and the 
software program loadable into the memory and executable 
on the computer, the software program having a plurality of 
routines including: 

a routine for receiving the process test parameter sample; 

a routine for simulating a simulated fabrication process 
step which corresponds to the fabrication process step 
to generate a plurality of simulated fabrication process 
results; 

a routine for generating a simulated profile indicative of 
the simulated fabrication process results; and 
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a routine for controlling the manufacturing monitoring 
system in response to the generated simulated profile. 

15. An executable program code according to claim 14 
further comprising: 

a Monte Carlo simulation routine for iteratively updating 
simulation results using a random seed value. 

16. An executable program code according to claim 14 
further comprising: 

a routine for formatting a plurality of process test param- 
eter samples into a process data profile; and 

a routine for matching the process data profile to the 
simulated profile. 

17. An executable program code according to claim 14 
wherein the software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a subroutine for deriving an input parameter to the simu- 
lation from an actual fabrication process parameter, the 
input parameter being derived from a probability den- 
sity function; and 

a subroutine for simulating an actual fabrication process, 
the actual fabrication process being modeled as a 
probability density function. 

18. An executable program code according to claim 17 
wherein the software program simulating routine is per- 
formed in parallel with the fabrication process step. 
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19. An executable program code according to claim 17 
wherein the software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a subroutine for repeating a plurality of simulation steps, 
the repeated steps applying a varying random seed 
value that is varied using a Monte Carlo technique. 

20. An executable program code according to claim 17 
wherein die software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a simulation loop routine using single-step feedback in 
which a simulation step of a plurality of simulation 
steps uses input parameters that are supplied from 
actual in-line measured data and generates output data; 

a subroutine for matching output data generated by the 
simulation step against actual in-line measured data; 
and 

a subroutine for adjusting a probability density structure 
of the simulator after each simulator step so that the 
simulated data more closely matches the actual in-line 
measured data. 
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a^ tf^i sissses ¥£i ois^tes 8B?i» qi oi ei oil w^stt: mmm »#si ass ^xmaxi 

HIS£*32J f§i oFLfe HISSES 2 L| El 8^ 3H^j A|3! 3^ □! ^3 ( f i ne-tun ing)S3 01 a 

b a oi a at §se4*ou/H2i sts x^oiasi ssw, oias »oiss asa g§ 

i^aDia:n ^sii ih, asaemsi ^sa^s^s^ s^bsoii aeioi sasnfe u 
y5jog gststji *ss^i oiacf. as ^aasi s^aoi sgaM ass mx\n, sa a§ 

§S^E] H^ 1 ^! eifi^I SSSPia OIBIS HOICK 01 Hi: §301! CHS fi^^J a§ 

^ 0|5HS¥a £EtOI OfLIBI, Cf&a 2^01 ^SSfH fflSa 2?g»J»- ^t^§l i°^!Clb AttiOII 

pieiem d^ai, »*pi*xk^ nt* awi A*s»t Aisaioiaa- wass 0101 a a ^a@ a « a oil 

□ S EH^ 5H0^ aP. QIOIEIS^SI B£S XIAISte it^^a. XHSSSIDI- 3|£2| JH^Oii 

oi CH AH ¥2101 fi^Sfe^o^ S»te ^£011 &OUH2] &a SSSafe ^£jaOII CJIS ^S 5§I 
3t! om OAS MCH , egjXI^asi LDD?S2|- SS S^U^^M S^A|9|fe 3^ ^ 10 M®= 3£2| 
EH e (dopant) A>SB» Sfe 100° °j 3§£E2j SlfeOID. saBSOII SIS s*S £382] 

oias essi suit ^am^Eii are oiags. a x-i e.i oil &ouh aaa ±\m. ch smuks/n ui) oil 
«Afs aisaasi aaa s*s^i UEiaa. 

SISAiaaiOI^SSS AieaiOl^ BI^S SOII :S3(calibrate)eCK °J^2£ oi 

£ EE^ 012 A|gaiO|£0l|AH I§8 gJ^B&DIEIB gJ3SO£W 0l¥O)£!Ck g£HP4 

mgouHfe, nmoiasi ssaas ^§ 5 J §§t^^§ a^s^Qi atma. eaia Aiaaioi^ in§ 

?li*^ MI3ESS2I ^Xil^^U} ^Sl,^ ^fXIXI ^x-ii Aigaioidaafe sbhsj Ai^aioi^nf 

IS^lii AfS8K)1 ^ CH XI XI SfeD. 0^01. #EH AI*E||0|fla SOI S§»5|l OISS^I & 

oil ^xte Q^ea. [lf^ah, ssx^^oia ^011 shwm xiaoi 

Dscf, oi as ^nib si^g^si saoi ai^oii ma emaat, ^^^^^ g«oiaa^ 

a oil ah ch^eh si-sea, 

oi as xii^mg?] ^sis xii^g§°4 auEisa- ss^^pj ^^oii ^§oi d\^b\q. ouw mo\, si 

394 ^^1 ^6H 3^ §21 3ffl^l!^2J 3g°^PJ S§S^2I S!SS ^36PI ?|5H, 5§0| A| ^J- CHI 

ma- ch^i sa^xiM o^ 2§ tJoia. ses, oias ^oiseoi s^i^ sssf ^§ 

S^S| 5F30IIAH ^§£|CHSIEK 

xns&goii °iCHAH are ^§^01 Mas 201&E, sssi ^s^g saoisio-. 01 as §§§§ sm 
n 2^9 011 21 a ^^Hi saii^ ga»s^i ueiuho. seqb asaaa 01a bjioiiai s^p 
afe «xii eiaej ^sciioiEHa ^xiisi wet qioih^ s¥sm, a?ii 01 s» 4= siEfe aoip. 401 qi 
oia^ xiisggoii &m oh^ ^^s s?h^ h^ef^ pi 01 a m m^sck 

¥ ch^ ^Ahmoiotmfe as mn\z\ as. ^ss ^§awoii he ¥§ti&i m sf>iu 

£JOiX|£^ X-||^g§M ^3, ^^Sfe ^l#OIH^ x[0\M 3i$= g§°| ffl9 0IBf£ ^3, SUE!, 


IfaAH ^ g*S01l TtB ^£X|| l^eSS) g?j!3 AIMSIIOI^^ ^HiSSHf SA|0|| 4IAI8EK ^Xil XII £ 

qi oi a oil ah £§92, ^sa^^^oi §EH ^ sss^ a^wyoiafc «naiE»^SEH2i ^sisi^ss 
§ »ais s°i^s(Ai^aioi<^) Aiaaioiaoii ^s^ck zfatsi Aieeiioi^^gjg s«isi aasi 

SH^^s 3S6PI ?I6H ?I!^M OI§5f^ Ai££l ?BI3HSSI 0|§S gJHI^J A|£ 

2^0^ o^^iek oias AiMaioiafe ^m^siehs m^m ^^SCL 

Ai^aioi^ Ai^aiioi^ s*hoi ^xii eieiaisi *gaioias ¥9 use 
aoiae oiss^ b^h nin^e oissa. Aiaaioiaoii ^ibh ^^s^ «^Qioiae! eei 
aioiaa wet a oi at ^aaioia^ ois asoiiAisj ejyei Ascnoiaa oHxiaa. 
aioia^ ejaej ^gciioiaoii ^^^11 oh Aieaioiasi ^^21 sa^aoi 

w u\q sgsDi oias e^ij hi^hj ess ajs^, seb^i-ss Aiaaioiaoii oigti^ 2 
° ot^Hi ^gj^^a^i oiga^oi 212121 2§§pi ?ish ^xhsq^ 5101 a. 

01 • sen, saoi 50 ^H2j s»sm i§2ii sjs^i ^ish 100 iwsi sqi^^m^ Aiaaioi 

a^iioi i2i ra, Aiaaioia^ saasoiiAi ^j\^m^E\ n^^mm ^ 5000 ^h°i Aiaaioi 
a^iiM s&s soia. 

s^i^i Aiaaioia^ ¥ ^^xi ma^ii^ oii^^^-2j Aiaaioia^^^ s&aa. Aiaai 
oi^^fH^ ^i^^oi g^e^i^Ai oigofe s^i^! AiaaioiaoiD, 

n§g*j8 ^xii aaeiAaaioiaoii dhxis^ eg a^aioiaa mbd. Aiaaioia ssxfe ma^ 
§011 A^g£i^ ^i»i eiaej ^saioiaa ^aisios xiasa. 011 a mch, xii^^aoiiAH, ^a 

maoia ss. ^ h ^. b^xhsse as si^asa s»sit ^^ h ^i ssnfaoia^h xiasioi^a. m 
32i suFes ah^ uinaii, nmoia^i- 01 uina ^nfoii (hbfah Ane^ii %±im°^M, M^m 

s u^goj Ah^| & gg ^fXIH SICK 3 §2J 6FU^ ^| &X|2f ZLOII IDS SSS 

ojaej xiisgsaeioii □» uiE^o^ t ^s^ioii ois^^a m&oiasi ssi^i asaa. 
ses. sxw AiaaioiaoiiAH jisaaa ^as ni^aouH^ 4§i§i sas^i sai * am. 
Aiaaioia sa»t aaw Aiaaioiaa m^oiaas ^ifAi^o^ A -| x-iiswaoiaM ^^*\°^ sa 
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m 4 sua oias i[§ais ^sppoieh3| ass 4=sa:a oishb 4»san £3)i a 4- at a 
%xm\m i>g°s« ^si§i soie^i bp. ©a ah. i§ie^ aaiHflt; e a ±1121 eie^is oi 
gsioi ^§8 ppoiehp 4=sa sat ^aaias ^3skm «fa« 4= 9iQ. 

* us oil tos aasi as §sg sheipsoi zi^sfspi hhsoii. msa assoi on*? ya. 

5±SS! P8CHI COS S 8S°| EPS SSS WSHISSI JlSSCIfe aoia. 

SBfSf ZtB& £3 

E 1 g A)S »e(B4>Hl £!g8fi= ¥ DHP gggJ^PPDIEHP 33H°£Htttil PPfcfi S2HP 

XHI2EP8P m^^± S^m fl98K>l ?I8 3 EH it . 

£2^ g gjg°i ajai oil oil ps Aisaioia ai^s^^s ueiu s^e. 

EE 3 B E 2CHI SIOHAH AluaiOld A|^U°I ^gd(two-run)88 xH9P§§ ppyj E. 
£ 4 fe S gfg2| 8A| Oil Oil PS S3||A|§5||0|<M y@o, HSEtSS UBt« MS^XlM. 
E 5 c E 4 CHI StCH/H 2§xHEI°l «SSBI0I9 HSjHEISS=tS PPtH 
E 6A CHI Al 6C E 5P ^SQIOIQ 2^i!6ISS^2| gBSEHHS 8S5PI ¥18 . 
E 7A CHI AH 70 fc ^§CHIOI9P naj«EISS^2| i^lH PPEH PEHH. 

E 8 8 E 4 CHI AH S§9 JflgxHElP 8 ^UB. 8»IQI0|E|« S °l CHI 01 EH CH! 0Hx|A|3|fe §33f§§ U 

ays i5?3ti§. 

e 9 & b Bfssi uai mm cos S3i3 Aisaioiaa oii^asa UEUJ iS?»§. 

E 10 a S 892| tfAl Oil Oil PS JUSAI^HP EM UPtH i£?il§. 

E 2 fe AligaiOia A|^gJ(200)°l ?SI P9td M^ESAH, #3| A|^@J(200)S D9B SI5SHI 

(210) esmpoias ^sshfe pse Aissdi(2i2). Aisaioia asaAi^a(2i4)ss oi¥onap. 

8 HI XHIEP1I0IIAH, P4P SISSdl(210)fc XHI2PS0II SIOHAH B3«« 4«ffl8^| ASH A|gaP. 

XHISPSP OHEH B3I0IIAH, pPOIEHte: AISSH|(212)B AhSSKH £!OiaP. £Oia EIPOIEH CHI 

oiat a^ss(2ie)M 3Hxh, Aisaioia asgAi^giEs asaa. a^3^(2ie)fe a^aom chjm 
?-ibpbp as saAi^goi oigap. ds Qioiaa^aas ommsN ei^bchi sib a&P as 4= 
oiss 4 sup xhis §bi(2io)ei otife cvd m^\, agfflE, 0|g afigHEIIOId Sbl. § 
sfsai ssairfcHEHmsui. s§H3i, isofia, siioiEHAHissdi . saiousshi mil sssp. ais 

Sbl(212)t HI^^I^OIIAH S itSIS S«3^»^3I, ^aiSHa*!^!, S^IB^S. aB^SSbl. SB 

□is aiom wm3iishi, fi^i, sAnaioiEi^^as mm s»skm oi^cnap. eb, Aieaioi<a a 

S9Al^a(214)S §§ SSE|§5f 3|fe3f XH9CHI0I9S 4=asp| 91 S gg itll^I SBShfe OHP 
B SS9A|^ilE MS H&tiia. S U9S ?IB a^AI WIS AH SUN SPARC 20™ AHtHa x86 PC £J9ffll 
0l^3f 4^1 a»9AI^H(214)0ll AhSSflP. ^S^S^Pfe PdFab™ A|SS||Olda§3f DIOIBS^nE 
OfOiaS^EM ^AHIi: S£l MdHSI 4:HS?JI0H^I CH|0|9zH9 S^CHI AlggJP. 

HD\ Ainaioi^ Ai^a(2oo)s oieh ?\x\ ^aa mgm mmm\= xhis&ss ?ib 83i ^^e^oip. 
sn ^xhi°i m^EHioiEHsflPf pi¥^ Esni^oii ^epxi a»4> siees, aw Ai_saioia Ai^a 
(2oo)s q\o\evi a^, »ei. ti^Pfe AigaioidHh hs^ohi ssisj s^iia Siiisuiafi ihisbp. 

SKH AlgaiOld A|riil(200)g AIIBaiOltf 22I2J 1SIEI 8#AI3PI 8H . OlS^feB CHUB Ql 01 
EHE'&Sa 4^ 2ife fe^S }|aP. AI§aiOld A|^g(200)S S3I|S! Q|0|9^ ^Stt^ffi^P 0|§3| 
feoHI atSXIPE, PS- «telS AlgaiOI^S ^fioPI?loHAH CHIOIEH sh^bp. «!«h. 6f 

?i Ainaioi^ ai^d(2oo)s a^aiom s^oi &&aj\$\& Aimaioiasj s^iibp. aw. & h 
31 Aisaioia Ai^a(2oo)s ^a5|o S 2 = e^s a^sia ps^es s§chiah sxh»*= eboih^ 

SEI S^AI^iiasH SSgiOl 4SSD. 

E 3CHI AH 21- SfOI, AlSSIOia Al >i SJ (200) OHI AH °J ¥Bg>^ XHEIEISS I2§Sa(310)^ 0||^SS(320)°I 

^^ixia ahs pb siysEis pap. a§siy(3io)oiiAHfe oisp^b 01019^ spqioiehp 

HI 0 1 EH M OHSAOPIflS B4=S ««8^I9I8H xHEISP. El§SS(310)g 381 AieaiOld^iJ 

(312)P AIM *§(314)ES L\ftO\XiZlQ. AIMai0lidig|(312)a 6lfllAS(314)2| lib 3884= 
(316)011 2ISH XH9SP. 4fP B§£i!(310)g A|BaiO|fl&3ll(312)« 588112 , 2^2| 

PP0I9P 2JP2J/WET QIOIEHPP 6ISI^S(314)0« CHSBP. P^P A|§aiOia ^U(312)SP MM^t 
go, 5«884=(316)M °l 5H AH XH9SP. at^2| AlitaiOld ^U(312)S 0I3P 2§S 

«I(310)S8 S&S Eg ^SS4S OlgSIOI ^519 QIOI9S »£IBP. 

0j|*gS(32O)0IIAH m§Siy(310)0l|AH *§S CHIOIEHP S|884=fe DIXIPEHIOIEHg 0ll*8|feQI OISSP. 
0||^sa(320)58 ^XHSfe EHIOIEHbllOI^OIIAH ^ggj PPDI9P 21S CCD, 8H& U§SS(310)OI|AH A|g 
Pfe SSIsiaSS^fc 831 ^SS PPDI9H1 EHaBP. B^, WET CHIOIEH Efe 2JP2J PP0I9P 8 
31 EHIOIEHUIIOI^OII SBPOH 2iS CCD. 01 EH B WET CHIOIEH Efe &JP2J PPOIEHfe 3884= P S^gJOl 

Baa si oh! EHfliap. 

Qm E 4b S3HAmEU0lflgfB2| E1§XHE|(400)M PPy SS^xIMSAH. 831 H§xH £l(400)fe i^XHI 
BPPP§(420)P A|iiai0iaP§(450)P ^ 3HP SMUHSil 38BP. 831 ^XHI 2J (420)g 
PgCHI SfiB PP0I9M S3ia6fe flIOIffl Al Sf^BI (422) , Baaa|»l5jjgB3||» 4=S8ffe BSxHEl 

^ii{424). a^a ggarnsi sit ^gsite ^1^11(426). a^am^gs issffe sses^u 
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(428) WETQIOIH H)B)DIE|B *S8)3|flS) ^3 WETQIOI E)^U(430)s 04"2| gg^gO||/d 

iSao/SSSS =bi as ^usa sss oiae s^ss Aisaioiaoii 3 tret 3 

(2 r Apsaolaoi Jtesta (3), ahs am ?)a Aisaioi^ mamaa &®w a\m®Q 

4 3*a ise saaaai om= xnyss&)i= oiasi ie as. ^ioim aa. jioim wis, ^jdioi 

AH H&ii ii SSBD SS?2S xHa2)§93IICHIAH aPlte 5=!»SaOIEI» «=l»SQIOIEIB s 

SaWwioii as aioias ssep. s^gmioiab otic iw sa^as aoiMaoi. ldd^ioiah 
si = soil a& aioias seaa. 

2Shse)s aioiab e)§3oia:n u)§8)b as££¥H as^esAH, sssi°£ ESMsmas 
*§aioia aofe aaoia a 21 oies^a saisa Aisaioi^ s stop s asoii 

§93)321 SiOIIOIIAHb 4) 3 1 B81*IBI^il(424)S aS)I!)§S 4»SW, 

(426)S? &h»^M2| Gnoiassmas *g»0. 

4PI AH§ai0|£2)§(450)S 61X11 SI aaa:D3 (420)2) SJffl ^S9Q. AlSaiOltf Al £f^g!(452)S AISI 

eiiejal(420)2i k^iWaioiHOB ssbkh Aiaaioi^a§(45o)m *)*eQ. flioim ar^h 

(422)S ?-|3^a(Workstrea m ' M )E) §§XHICHA|±1J, BISM. a 3 ±M B (^irote JtorksUeam'" ) 3) 2 

5 SSHICHA|^2| S^S5XHa, TCP/IP2) 2£ AHaH2)2| 141 = 51 32! 3 §i «5H Aisaioidas 

(45o)°s oisafe aaaaoiaaoiaa Da ^mioias asaa. Aiaaioi^ Ai^a(452)s a 

M5II OkS as (450)21 EiaOiaS S2|21 A)§a)0)I 2I5H §2|S 2i2£ s^ishtta. <*?\ Aisaioi^ AR 

-1(452)2 r5s laei Aisaioia -e(454)s jchsoii- a 21 21 Msansia*. unoiib ^i eiy 
5i is* ^isl8K)i i&aoiEias 3S3)oi e 1^1^(424) 011 ah ^sat asmaaaisi asias 
i S5 Aiasa S2i iie ^maDia?) aisssdoii 2|6hah «aao. oiaa e^maoiab 

«=»ai«EI^H(424)3» AlsaiOld ±13(454)011 ^SSQ. a^QIOIEife da 3HI SEHS 4= 2iQ. 

5a3 i"i a^Qioiat Jiasoi ai^s^i a 011 S3i3 sss^s eaao. sjssqioih s2J<=2i 
uHaa'flsH aioiab saswi a^°g oichs ^21 0101a SMoiai aioiaasi mm 

sVaS Wia lai asa»2} s™b ?>b aioias) ds? 1^21 aioiab : a** 

Y^m%°i a 01 a *= xiaa &?ip) aiphisi ssswoii 21& §3^°^ ¥a £Sg2 j 
uatna. etsf, saoi g?is.^i2i gaoi ofy ra, ^i uicHsssnfas ssaaji. is^ 

2S c, a M 0 |ef agSXIM 3ft ¥ 5H2| of5-:i?A5£»SI2J Zf¥BO. ^gsa^ OlS^f 

fes eth aioia§°s uau^ aioia^ maoia^s ?ish A^§gJa. ezjsas sss 
ai^a ^ji, sc fc Aisaioid suit aioiassat s^iaj ss&^ah Aisaioi^^ sa^goii 

Aisaioi^ i»§(454)a Aisaioia^aoi oia a s.^ei^ s^iAisaioids Pissshw ^s&p 2| 
sta Aisaioiassis ^ «3ii=i»a&4»s ¥S2i 2i§ a^wa, sHSSft ia^ai at 

HH Oil 5a AH &1^2iS H a 8)01. 2)2121 «^I^SSS42| 2i§ SfeQ. A|gai0ld2| B)MS^3) 
a S,^iS4^ m^5S2| tf^AlgJQ. 

s dsoii aajMEimaoieisi eoiife mbiaizj maoiaoio. ees. oae Aia eiaej ^§§2) 
t Ba»aB3iioiiAH aoiaa. oias eja^ ^sab 2«aan-ii(456)M «3i Aiaaoifl 
(454)(hi asaa &^i n^sas-a(456)s ea wa^i!i(424)2s ¥a2i a« iDaoiaa ei 
a^ ^saoiaM aassm. o\twm u£^t«!i ^as)3t?i5n pxisaeo. ^i Aisaioid- 

aT454)0)|AH AlSaiOiag^fe e2|S£n)aaS-S(458)2) ¥^?IA|E-a(460)2S SBSO. 

^o|A|-^(460)S S0l9)«£g)*{ AISaiOI^CHI 129 A|22iS SdS)^. 36)8 AI22iM 

DHS8)feQi oisgt 22issn)as ?aea. Aisaioi^s o4-si seh3)bsb?iioii/h a oi ujn , 

01 OH 2^a}2| SE«9)»SB3llt 6)31 AI§ai0l^-^(454)3) ¥^?l A| = (460)S S8)fe 1 llD^S Mg 

40| AISaiOI^-iJ(454)I!) ^Sf?) A|2-il(460)0)|A12) QgHH- n|2^-DSS 6)31 AISaiOI^AI-iJ 
(200)2] Hai Till B«2a DIEBH3HH2I ^3P) HO. ^2)21 AlsaiOld-iJS OS AlgaiOld-a 

sSt ass aSact e. Aikaiioi^ -soiiai-. qioiss ^§an Aisaioid asaoj 
5 AisSoiasi 33)P) aaasss m^aa. Ai§aioid2j gafe Aiaaioia^aoiAi- ^sawa 

Old! I S*£«^f4)A|9PI¥l8H ^o\D\\ A)gS 4^ 2)2, AHS OS A|Sai0|d2)2| 6)s^S3) SD)S 

901 ?ir£:@a. 

Bs-^ii ni29« aa Aisaioiasstoi. ws^chs as aibbio^ ^aa sa jajaa 
I soil 2^ a^ab aiBs^s ?>fe at Aisaioid ssoiiah safe sai g)^ia Aigaioi^a 
b si2i2s a=a. 

BBi»a^a (424)2) 5\m oi ch ejaei -iy(426)oii ah b t)»¥3«a Qioiassnias 
*§sm aoiasisW lai ^flicHioia/22icHioiaas-i)(462)2s a.aeo. iiaaoia/ 

¥9 At a eiaejQioias ^timoi. oi aioiaHsnhaiii ^ pxig asi£ - oiis son, asasis 

n§aa as)§?i§) oHsa§^i!(466)s oia 22iaioiaM aisskm asinswaaioiae as^xi 

2b 01 01 ablins a (462) Oil AH §§@ A)55£E)aiS 3|SS *JZHI QlOiaS aStt2E!XI» 3Se) 

a esssfs DHsaai e&^a(468)2i 221 asn)aoii2i shah u&sq. ohssei as)^a(46 

8) OH Alb 6)31 CHI0iaU|51^il(462)S¥a2| »»n Sffla | S 8)01, 22|5SE)a^g^a 
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(458)S¥E| SSIHSIIfaa B JW2S HSAIgJO. #31 OH 8*1 SI £&^iy(468)0IIAH& £31 » 

^ns^aa asT^sSas aa aoi. 01*21 Aisaioias ?ien ?^ *sa aaa^ aaa aa 

0IS9O 00 AH , AISIASQIOIHOil 2|SH S2IBfe QIOIEia?IO|| *S2| SZhaS S!JS¥I^QHS0) 

e V^b gsicTtBi oisap. ye. ani^aaioiaoii °ish asjgxiat aioia^oii- si 3 hh 
aoa^rS^aia saiafeQi Mgaa. oiaa ohsss saai g^aMoioiiAia ^iis 3§§ 
snAmo. 

a^oPi^UaS oaa Aisaioia. asjia, e£i=snnias. ¥*aaie. ana 

oia/aaaioia mm. waHsaaaa. £a§pi?ia oHsaa §i ssas Aisaioia aaiaa 
DHSflai ^a^moi #oi»2s ^taa 4= &o. 4! m eioei hi 2 on ai 21 zt Ba*ia^U2i noil oHS 
si^ Aisaioi^oiiAHfe ¥^?i ammonia Qioiaa ois, asiaae! aaam Aieaioia a2iaoi 

UggOH, ^asia «£IB3llfe ^HIHIS^i!^ S2|^iJ0l BJN 4=§SO. 

2 = 41 ffl^s ^HOI*0l. a HI a§S 61 H 2JS§Siii(428)2£ §192, mm WETQIOI EH riiU 43 

o)= asassi aBMQioTaB ^asiw wetqioi a a^mas aaeo. a?i wet aioia^ sag 

8 WET CilOiaS £SS§li= 22!a0±f!l(473)O||Al SIEISO. 

sust S g e°i2f§ ^boi*. Aisaioiaass e°ia§ss^i l (47o)oiiAH §ia2, aaa sxiai 
iaibiaoi §xiAigaioi^^n(47i)oiiAH aseo. £Pi sxiAiaaioia^awns oiaa Aisaoa 
*3S/h E»e aswi asa aoiAH *smnai = Aisaioiaa ois, senses*** so. ssaj 
i a i o 3 ^fnTa ^ ^ ^ s ( 47 1 ) s ani a as wet aioiacni aasit sxissaaa aiaeo. sxih 
sShSs^hWjs wet aioiaa axiAiaaioia±a(472)oii/d gtas sxiaioiaa I? a 
o- Mia ao) akniasa asi xm aiaaa- hiisci. oiaai £yga sxixisssuias axis 

BH£WttWS^H(476)0l|A| HSSO. WETCHIOIEH £2S 0HSag^a(478)S 0IS2I S2JWETQI0J 

as oissioh 22i n sum hi oi a a aaaxi. a;= a2i sxiH£asoHS±a(474)oiiA] ass ^ss 
iaait 3&a Ail wETaioias aaaaaxia aseo. ess^e ma*Ha(4oo)2i aii^g 
aaa ^sspi?ish wet esiHsuia sa^iy(480)2i aa wetqioi eh chi 21 ma 4=§ao. 

A^i ifl§j)e.i (400) chi ah as@ s^aioia^ 0HS°£2ia2i aaasnia e^g saao. 

s tt8« ccig 2§xH£i(4oo)2i a ai oil oil &oh ah , urn a a a a a (420) a waapiaaa(450)s »a 
laaa i saiou aAiaoiiA) aasi xnsaas aAiao. aa, pg axioiog siohah, aa aaeia 

1(420)21 A|§ai0l^2l§(450)0l SSSIW aAlSO. aAlZtOil HSiaWfc SifeO. DJOAH , CJSS 

SnilSa^s^la Aisaioi^^asoi iss a^i &j£iei2}§(42o)°i * as 2*011 ah soia aioisa 
JaaS. a5i 3««sla(456)a as ^uohiah aaaan. asaej ai aai 01 a as (450)21 sua 
o. 

aUI 21SXH£I(400)°| LIS a AIM 01 2iCH AH , feOI a XII 2Ja£!2IS(420) aS¥EH eJ£l^ QIOIEIfc XIS 

|o S ;ia2 ^aa^u(456)2i as ^schiah 2^iai§^ ani ejaaaioia°i oia 
on ^ejsj ass °|5H ifgajom ^^i^ias 4-aao. 

£ 6A CHI AH 6Cfe a 5 2| SS^x|M2f a^SIOI HSjBEIS^SGIIOIEIB AS 22jffiEIS§5|i nai° 

s as shin act n^aaas^s oiia sen a 421 a^i 2^ e a (456) (473) oil ah ^aao. a 5 
*laioias aaasife ^^sass^(5oo)2i >,gjss asspi?ie sssximoio. qioieu= a 
1^5 SiIh *sai. ^§a aioiat si^sns xn§^ii(5i2)2i 0^21 smsa axia^Ke 
xTssT z^atai g^2i am aoiao. Qioiafc ssahi^ uiaoia. eja&i^sxi^ aioia, wetqioi a 21 

*ai S s»n 81^22, SSAH^nfSfOIHte Hlsa§S2} . 3S, XISBfe CHffl& ^aSfH 2| 

O ioi fe n S ^nidiDiaa immQ. ^aa ssAH^waoiafe mu^sa, s^ai^ §i seaoi 
mbd a^i ejaa^sxi^Qioiat TiioiE^asisi^sa ?ia as^m. s^aoii aaa saa 
as gg Txaaa2i *sxi^a saeo. a^i wet aioiat seiaa(vth). ssis^a^ 
tvsat) aai eiH^5Sie^(G m ), saasddsat) mm as a^is niaoia^saaa saao. *h 
aaaas^HT wm£k±w. ^ioimchis^u, ^nHoiAH^-uaa iems tna^us oiaa 

WETQ 1 0 1 E| — E| £1 □ I EH a HlOiSfedl S 98§ WSO. MSAII^a&QIEIfc a ^ ^£1 0 1 a 2 1 ^ |§ 5* 

igm^Diaats ss^i^oii xiaao. a^i eiya^ga^aoiaa wetqioi at aasAH 
*§gn, aesaooiasAi a^i hs/ji^oii a^ao. 

a 6A «- ani eiaei aioia^s»4=^°i si^szi^ii uoa sissah, ^is^s sw»e £»a?i 

(6x11^2, HIS^S ^Sxl^Si2| 2|^2) g?|(6x)CHIAH SISfolfe QIOIEH S2| 41 HAI& 201 

0 a 6a Sah ec asioi isa n^sas^s xi4=^§an ass qioi a 01121 shah *ssp. 

E 5 CHI AH 2»a^S^a(514)S 2x|S?l(6x)2| gUJSS ^ S » Oil 2| JSH ri:iJ3^l ( 6 y)S SSSIOI 

1 ^3a3i(6yPJ 6x So 4s j\s b atoi3. a2ia a*(n)oii 2isn ovoia sia. a^asi x\ 
oKxlS sae a* ^o a bb t a»i ayejciioiEi^gxi^asi si^sn^s ooa 22sah, 

" k^S VxPlia 331(8 y)2l S4»(n) 2B5I1 UOWO. 0IH& QIOIEH SSSI^iJ(516)0|| 

5 sVaaof 5 a^snaas ^ ^aa^iaflaoiiAi sis^sife Qioiaasi ^21 biss uoao 
a 5 21 asaaa^ ae^a(5i8)s ani siaej niaDia^2i aaa^a^a aaao. a ec fc * 
aaaa^Ij aaia oaao. a sa ^saas4y^^a(52o)oiiAH- n aaasa^Ha ^g!(6 y )2i 
2iii^°£ onasao. 

2 7A CHI AH a 7D 3^SEHS ^SQIOIEHB ?ia 32SfflEI8SSfa 3£«H£ aSSO. ^SCHIOiaCHI 
AH »iaES*t aS^2£2D|fe 0|S^2£ a^BOH OHE! QIOI eh a SI a a xi afeO. asQioia 

*-'oTa 3ixi s?iiEi£miaoii 2jshah ugao. oiia sen. «nai£»^i a 7A 21 as ^>=saoii 
Is ah naea as ohisah, aaaaa^f a 7 b sh as ^is-sschi axisia^. ^gaioiafe 
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a^maoiasau) ssmpoiasu p > chi asiuna xiaap. e ps oiisah, as oiisah, «r«gjE 
etc a as amis pa^ssoii axiohs^, usaioia^ aawaDiaa(M). aawaoia 
at s^mpoiastoii °ishah xiaaa. ohxipss ^ssieb4oi- £ 70 a- sa pa^saoii esoi- 

sggioiEife aamaDIEI2i(u)0ll aSHAHP XISSP. 01^3 H PPOIBP 

s^n in, eh siss tiaiss^ a^ap. 

E B S 6(31 E 4 21 4ISIQI0IH/S2IQI0IEI bl2±U(462), SxlESPgJ 0HS±U(474)O1IAH *JfSa^r 

T5°6) V«BE»^E*iei(518). *»Bi£ES*4Ba±i!l(520)» SSBCl. H£»H OHS ±H (820) Oil AH , 
A};), H2lH£]&8l4!IS£:ll(458):i» S»A|«aiO|flSSmaaa^il(471)3l- SOI 22IBI0IH» ^aPfe 

^aioiiAH aaaa saaioias we tuassfe &p ±u(518)oiiah £iaai= aanaioiaa as m 
sassa aixi&p =swaaias^oiiAifc sasspsa ppa ciss pa^nHPsaaoiiAH ^ 
aioiaaa #4=21 uisoi ±Jx-iiaioiaE£Pfia ^a :ng±i!j3;>igaa aioiaaa di§p 
sxispiasH asins^ais) ^gja^iUy'm ssi&p. oias ^oiiah. ±^hsp n HHna a hhsj 
am dimio\ aaecT ^21 n ^b^issoii- p ;?a2±a a 01019921 hiss u 

^LHfe $X|, ttH QlOiaS ?IS 89 H§xl4=(6y) BIXI S2J 010195 as #8 PSxl 

4=(6y') £9. xfg±iJ3}|(6y-6y')S PPLHa 2± Sa UIPXI 2±P H SB 01 SIP. 

S 5|g4 S§^iJ(822)0IIAH, £!^£PP fiSIS^fe -S ttg2| 48tb gOKHIAH S ttBUHHSOl- PS 

a, *. S8f 4, ^a-pas* §§ oisskh ssap. a=i»^2i aoiioii/HJ= a-4^4>p ^gacn ??4oi 
apaii dSP»*i=!»oi ^saa a4=^ a^aa. a^unp xiasap 3§ ra. a4^4=a a 

33 B4=S SISffP. EJSf g^B* Efe aSCIS^S^f SI3B4=S KISPXI 5» HI. ¥ EM P 

s^*s%ssa ps^ss a eh a i^srapxi aaa p»^i»^a sjssp. 

I Aisaioiat a^B4oi aaiaisE* Aisaioiaoip. pp a4=B4=P si^ssa sjxias 

01. Pa PS4B4=P ffl2!6fEH« 3>feP. 

* ttBOl PS DHSS5K800)OII 2|SH gCHXIfe SiS SaS^S^ISSP ^AHI QlOia AhOI Oil /H »S° 

s ZSife garet siereM*oii 21 a ^a Ai^aioiaa^EM ^a^sapfc aoip. &^i s^a njpo 
sa aioia*32i ^^4=21 siaaaaJiioii 2|sh 21mm aaawa^ a=^.a» J=5 

4=a SS^ »B|7IISUt ¥ ?H2| SSBOil SjBSP. Olfe 0115 tSCH g31l5S&4=a 

10%, 35%, 75% 31 MM QI0I9 2I 10%. 35%. 75% Oil M#HP. QlOiaS M0I2J QlOia Sia a^fflOII 21 

en §mf5i?ii ^aap. 

feoi ohss=K8oo)oii aeH soixife spa aaa hsaii^^ ^^s^i ^sw 01 01 a aea 
SemaoiiE ^gpfemp- soip. ps §as aw >tt2i aoiEiaoiE ac^ 

aoip. e&. xi^saa 2^191 ^aa sasife aanaioiaon 3gs4= aiP^ 

aoip. 

as ohss=kboo)s H««tt2i a 01 ei • wasm, ©0121 a^i^ip sts ^fxife ^s^saii^p 
pdieis aisles* ^oixife asjifefi aai ai^&p. ®&m. ohsssksoojs usqioisoii °\ 

mM gcyg^ g«itto S 4= sua. 4=x|M^0150ll USB, S2IS^^ 4TW0II 2^24=^, 2PP 

g «oj sjge^oii oisap. 

naxnaa as 01 oh 011**1 ap asap. sss»t sa»4!^ a^mpaia e^ HSE^as_ss5^ 
i= onswas we gj^ppoias xiasp. xiaaxia k a ppaiafe aaxnaoiiAi Ega ppoia 

ngiai PSMStP E 9 CHI AH 2501, SSPXia Sj^PPDIEHP ElS^Xia gJ^MSP^OI 
UlgjSH PM£S^PPDia/n^paO| AISB||0|dA|Sf^U(910)°S ¥EH 0||^*ia(900)P 

Ai^ap' M§xia2i Aieaioi^^u(9i2)oiiAH Aisaioi^oi Ai^aa, Ajsxixiaaioiaa Qioia xh 
aSwiAHa qToihb ois»oi ssnmoi Etao. ps. mssm^qmjj/j ms svuoi 
«H«=ia- QHsa&^i!(9i6)a x^esp^p ssissehi Baofoi, a&B4=s s^aP. 

i^^ (918 )o||AH E#aP xHa§S^U(920)0)IAH OII^AIgaiOI^S SSUIHPXI pgf& XHa^PDI 

a^ oiaet ^25 E°i^gaa. □ a, sxiAigaioiaoi sxiAisai 01 £^11(922)011 ah ^saa. 
axiAisaioi^ss ?a sss E^paa a&^a dhs ±12(924) oil ah DHsacn, sa wetqioih* ^ 
asp. 

sxiAisaioi^oiiAH Esafe wETdioiafe mmm dhsp a&^i*s oispoi aaiAisaioia *a aa 
a ai 01 a a siies saap. 

s tt aoii ps sa aaaasi aaa saaioiap ^niaioia s¥3^ sasitii, agasis^iapfe 
«ti^aio S paoiapfe aoip is, sa axil aaaaioiaa wet ctioiap Ai^aioi^a a^ 
Is s^ifedi oisp^pp. a^oi, aaaoi »aa isisi as«, aioia ^&paa pga 
oS oi5chsp e&, xnapaoiiAHa sasjagoi sspxi son niEaaoi mssaoiiAH pga 
5iaoi oi¥CHxib Aieaioidwi pshah pgaaoi p^pp. spa aaa a us 011 ps saaioia 
ppoiaa a^ss saAi?jp. 

E 10 S XilSAI^ija aMR5(1000)B SS8PI ¥IS S^ESAH, SI5ggl(1010)S apa QIOIEI* 

s (ioi2)chiah cHssafe urn apa aioiaa sabw, wetqioieh ^a±gJdoi6)a eissi «ia 
sp op wet Spafe wETaioias^(ioi8)wiAH wa«ap. apa aioiaa wETQioiEjfe Qioiebjioi^ 
doa»s a^an. aioiaaioi>:(io2o)a aioiaa ^ p^p sa ®m& a^ss pgaio iff 
(io22)oiiah xnaap. oisai xiaa aioiaa aioiaxias^(io24)oiiAH wa«^3 jassaooasjoi 
ggap oHsawt aoiauioi^(io2o)s a^a^ safflsii aioias esspiwsh dhs»4>»^ 
(1028) oii aaap aoi ssa ssuai aioiaa oii*fl£i(io3o)oii ggap. aioia mi 01^(102 
0) oil ah d^a ssfe as 4=s^ss^d032)aw 4§°i 01 aioiaa asxioiiasH §2 
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a mniFlMrvuia SHHI ^§GII0iaflaS^(1036)2£ SgSD. S3I QIO|E|*ld|g^(1036)0)|AH E#a 

oii»«'««eo iS^ki(WM/H gii safe ♦soH»»*«*(i™>on/H . *3i waa 
01 sac? ! «3i 53aBi(idS5)fc g^(io42)a oas ssai ias o^sss assa. 

^°Ai§aiol3 sSl imi&i. gsTO s^a subs, ahs as «o§i *a aioiaa a 

la \^ia ™i*oi Sim nSms ofem s?s s^ou ^aa saaas^ s hi 9 
a sWa axiaoiiAi a§*& as, as, esoi ?fs8m. 

a?s 1 

&?\ sxws^a ana gsaiss maaaa sss ^^s^ ai^Mgaa; 
a^i gsgi^Mmaoia sss 4^spi?ish eh±m§hioii eisa a#aa: 

SwfcT&sl *i£ r/isS. siaAtr^ciiAH m§^*j ±™a £^st s»*fc 

31 agog Site HIS SUaHAI^H. 
2 

m 1 soil aia/d, 

aoi ssMsia saa Ai=a* oigaa Aisaioi^iias bw^ss is^iste east* 

I Aisaioid^es a £S5fe as 5§°£ »fe his auaeiAi^a. 

a?s 3 

HI 1 SOII 21 a AH , 

£3| £°M9IOt 3 £ 3gg ci^o! S§E||^j= NEfOIS SSQIOIH ±±£l48IOI| SSB»fc 

ggaioia Hsni^a aa sswsjs msafe a s»»t= a§ shfe is a 

uasAi^a. 

S^S 4 

HI 1 S0|| aiCHAH, 

^ne^ioi Aisaioi>a¥&!s be* Hisssa MAiiaoiaoa « assa ma 

maMATAiaaoitfas. u£»*£¥ei Etafe g^waoiae a#oife ahh¥s^; 

ifliEi^S aitfafe 4!HIHISggS A|Sai0l<3Slfe AH!=1¥&!S a SSSffe aS =S2S Slfef 

his aaasAi^g. 

a^S 5 

HI 4 SOII 21 a AH , 

^n M o JIC>1 n £ 3g Aisaioid^ea mzg%±mm saioii 4=tsa^ as ^§°s 
his auasAi^a. 

HI 4 SOU 210UH , 

M->\ Aneani ngna AlSaiOia^SS S^IS A^SS^Oi QgrS ?I2|£| JIS AlEStS 

li'sfe-aJa ATfaioTaSls SKfc 7 Mzkkm a s»»t. asa msssa saiAisaioia 
g| egog §^ his auasAisgj. 

a?© 7 

HI 4 S0|| 2iaAH, 

s^i sMs?jia Aisaioid^as a^a Aisaioid^ig s u ^rj ^'"J'^^-^Lm-^.I 

sib Aisaioi^^a^anf: 
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S2IQI0IEI3J ai a ej^ej ^saioiaoii a* ^a^i ¥ssta^ at s2i±gioi*oii Aisaioia mszib 
t wis au a a Ai^a. 
§?s 8 

HISS32I SHI Oil *jgSte HISSSiDS 4=S!Sm; 

a^i ^mM¥a axis ssaiss m&oiasi isi si^sm; 

D1^2| a°IXfl5S§g^g «a«PI*IW S?l HISgSiBOll CHSSfe S£iai5iSi9i Aisaioi<y 
512; 

§2i auau^a. 
§?s 9 

HI 8 SiCHAH, 

Aisaioigaiss a si si Ai=at* oigaia Aigaioi^aniM smsas atisife sai9iMs ai 
BMoiAei ass a sssife sis ^§2£ sib aisssai sLiasaa. 

U^S 10 

HI 8 SOU SICHA1. 

a^ei gsaiis El aioi a ssi simioia Hsumoii ssntafe i§3; 

401 ssaioia Msuiaai a°i ssnfais DHSsit 2i§M a sssife 2i ^§°s si^ «isb9 

2i suanss. 

11 

HI 8 SOII &ICHAH, 

AlSaiOlfljlfSS HEM SI5SS2I ^31|A|SaiOia21§OI2, *»HE&^0IIAH E£S = S^UlEl 

mas am isii EidioiaoiiAi AiMaioi^as a^sife msai; 

mhes^s assign ^hihissss Aisaioi<g6ife ngg a SSSlfe 5iS ^§51 oli= HIS 
is 2i sLiHggfa. 

§?S 12 

HI 11 SOU SiCHAH, 

AlsaiOld^SS S3I HISS§iU21 SAIOII ^SEIfe 2!S ^S2£ 6te SISS92I SUEIS9 

a. 

3?S 13 

HI 11 SOU SUCH AH , 

Aisai0lflj&3e WSHI SI5SS2I S^IAIIiaiOltf 0|2 , SBI31SS S^i M§8fW D|S S3 
I US AlWsiS SSSlfe D14=2| AISSHOItiiEilS B!M8tfe HISS a SSSlfe 31i ^S2S olfe 

his §§2i sLiassa. 

3^S 14 

HI 11 SOU °iOi AH , 

ahi AiswioiM-Pi^s bhctji Bigs2i ssiAisaioidom. p-4=2i Aigaioidsue slug Aisai 

^gj nia^s oigsife Aisaioia^ss =asife asm; 

s?i AisaioiasuoiiAH s^aioiaa a hi ejaiei ^saioias ohssi^ aisa; 

snag sisBE^se sssife i§§ a sssife as ^sas oife xussn euansa. 
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» 
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